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7.1 CURVES 


In highways, railways, or canals the curve are provided for smooth or gradual change in direction 
due the nature of terrain, cultural features, or other unavoidable reasons. In highway practice, it is 
recommended to provide curves deliberately on straight route to break the monotony in driving on 
long straight route to avoid accidents. 


The horizontal curve may be a simple circular curve or a compound curve. For a smooth 
transition between straight and a curve, a transition or easement curve is provided. The vertical 
curves are used to provide a smooth change in direction taking place in the vertical plane due to 
change of grade. 


7.2 CIRCULAR CURVES 


A simple circular curve shown in Fig. 7.1, consists of simple arc of a circle of radius R connecting 
two straights A/ and JB at tangent points T, called the point of commencement (P.C.) and T, called 
the point of tangency (P.T.), intersecting at J, called the point of intersection (P.I.), having a deflection 
angle A or angle of intersection @. The distance E of the midpoint of the curve from Z is called the 
external distance. The arc length from 7) to T, is the length of curve, and the chord TT; is called 
the long chord. The distance M between the midpoints of the curve and the long chord, is called the 
mid-ordinate. The distance T,I which is equal to the distance /T5, is called the tangent length. The 
tangent ለያ is called the back tangent and the tangent IB is the forward tangent. 
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Formula to calculate the various elements of a circular curve for use in design and setting 


out, are as under. 
A 
Tangent length (7) = RU. 


TRA 
180 


Length of curve (/) 
ላ 
Long chord (L) = 2R S 


: A 
External distance (E) = R ear 


A 
Mid-ordinate (M) = i — cos 3 


Chainage of T, = Chainage of P.l. - T 
Chainage of T, = Chainage of T; + L. 


Setting out of Circular Curve 


There are various methods for setting out circular curves. Some of them are: 


Perpendicular Offsets from Tangent (Fig. 7.1) 


y= R - ዛሆ — x?) (exact) 


2 
X 


2R 
where x = the measured distance from T, along the tangent. 


Radial Offsets (Fig. 7.1) 


(approximate) 


| 


R^-x!]-R? (exact) 


ጋ 


x 
= approximate 
OR (app ) 


where x = the measured distance from T, along the tangent. 


Offsets from Long Chord (Fig. 7.1) 


L? 
= R? -a° = Rt -2 
; | : 


where a = the measured distance from D along the long chord. 
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Offsets from Chords Produced (Fig. 7.2) 
Offset from tangent 


ds (7.13) 
aja = OR ; 
Offset from chords produced 
2 ab(T,a 4- ab) "T 
TE OR (7.14) 


Rankin's Method or Deflection Angle Method 


ር 
Tangential angle 6, UBS minutes 


+ô 


n=] n 


Deflection angles A, = A 


7.3 COMPOUND CURVES 
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(7.15) 


...(7.16) 


A compound curve (Fig. 7.3) has two or more circular curves contained between the two main 
straights or tangents. The individual curves meet tangentially at their junction point. Smooth driving 
characteristics require that the larger radius be more than 1 times larger than the smaller radius. 


The elements of a compound curve shown in Fig. 7.3 are as below: 


Tangent lengths 


A 
t = ዳ tan—* 
S 2 





A 

t, = Rt 
sin A 

T, = (t +t,)——* +t, 
sin A 
sin A 

T, = (t +t) = +t 

L lts 2 WA L 

where A= A, + Ar. 
Lengths of curves 

"m ARAS 

* . 180 

pu ARA; 

L ^ 180 


l= l+ 1, 


IIT) 


(7.18) 


(7.19) 


...(7.20) 


1) 


22 


...(7.23) 
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= ao Res RA.) ...(7.24) 
(iii) Chainages 
Chainage of T, = Chainage of P.I. - T; (1,23) 
Chainage of T} = Chainage of T, + ls; ...(7.26) 
Chainage of T, = Chainage of T} + l; (7.28) 


7.4 REVERSE CURVES 


A reverse curve is one in which two circular curves of same or different radii have their centre 
of curvature on the opposite sides of the common tangent (Fig. 7.4).Two straights to which a 
reverse curve connects may be parallel or non-parallel. 


We have the following cases: 


Case-1: Non-parallel straights when R; = R, = R, and A; > A, (A= A; - Aj) given A}, A, 
d, and chainage of ያ 






I K NSNSEAL 





LOR, 


R= (7.29) 


A, A, 
tan —— + tan — 
2 2 








where d = the length of the common tangent. 


A sin A, 
Chainage of T, = Chainage of P.I. — ጋ ከ ከሚ nA (7.30) 





TRA, 
180 





Chainage of T, = Chainage of T, + . (7.31) 
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TRA, 
Chainage of T, = Chainage of 73 + 180 (7.32) 
E 
Fig. 7.4 
Case-2: Non-parallel straights when R, = R, = R, given ô, ô, and L 
R= 2 (7.33) 
~ sind; + 2cos 0 + sin 63 mod 
NR Bde (= 61 + cos 5] 
2 
A, = 0, + (90? - 0) 
A, = 63 + (90? — 0). 
Case-3: Non-parallel straights when R} = R, given 61. 55, L and R, (or R5) 
I? — 2LR, sin 6, 
R, = (7.35) 


Case-4: Parallel straights when A, = 


and A, (=A,) (Fig. 7.5) 


D = 2(8 +R) sin? ^ (7.36) 
L = J[2D(R, * R,) ...(7.37) 
H = (፳) + R3) 88 A, ...(7.38) 


2Lsin 6, + AR, sin 2 a 


ላ», given R}, Ro, 





T 
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7.5 TRANSITION CURVES 


Transition curves permit gradual change of direction from straight to curve and vice-versa, and at 
the same time gradual introduction of cant or superelevation (raising of the outer edge over the 
inner). Transition curve is also required to be introduces between two circular curves of different 
radii. The radius of transition curve at its junction with the straight is infinity, i.e., that of the 
straight, and at the junction with the circular curve that of the circular curve (Fig. 7.6). 


A clothoid is a curve whose radius decreases linearly from infinity to zero. It fulfills the 
condition of an ideal transition curve, i.e., 





rl = constant = ፳፲. = K ...(/,39) 

For a transition curve, we have 

L 
Deflection angle of curve = @, = OR radians ... (7.40) 
. 1800/7 
Deflection angle of a specific chord = minutes ...(7.41) 
ZzRL 
6, = B t 7.42 
= TR minutes ...(7.42) 
9 , ; 

= 3 radians (when @, is small) (7.43) 






Radius =፳ 


e J t oe 
Radius = 69 
Fig. 7.6 
Offsets from tangent 


3 


ያ 
yzl, x= GRL (Cubic spiral) ...(7.44) 
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3 
y 


- 6RL (Cubic parabola) (7.45) 
I 
Shift of circular curve S m SS ...(7.46) 
24፳ 
ፀ L 
Tangent length IT, = (R+ S)tan> +5 . (7.47) 


Rate of Change of Radial Acceleration 


The centrifugal force P acting on a vehicle moving at a velocity of V on a curve shown in Fig. 
7.7, having weight W is given by 


Reaction = (P sin œ + W cos œ) 












wv? 4 
P= iow 7.48 (P cos a — W sin d) e d 
gR ( ) P=WVleR € 
Resultant 
Fig. 7.7 
y? i 
The ratio ሃ = gR is known as the centrifugal ratio. By lifting the outer edge of the road 


or rail, the resultant can be made to act perpendicular to the running surface. In practice to avoid 
large superelevations, for the amount by which the outer edge is raised, an allowance (fB) for 


2 


friction is made. In the case of transition curve, radial acceleration given by ከ , changes 


as the vehicle moves along the curve due to change in radius. For a constant velocity v the rate 
of change of radial acceleration (assumed uniform) is 


v? /R 
Liv 





— ...(7.49) 


where v is in m/s. 


7.6 VERTICAL CURVES 


Vertical curves are introduced at the intersection of two gradients either as summit curves 
(Fig. 7.8a), or sag curves (Fig. 7.8b). 


The requirement of a vertical curve is that it should provide a constant rate of change of grade, 
and a parabola fulfills this requirement. As shown in Fig. 7.9, for flat gradients it is normal to 
assume the length of curve (2L) equal to the length along the tangents the length of the long chord 
AB its horizontal projection. 
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(+) o 
© 
(+) e 
©) 
(a) 
(3 (4) ©) (+) 
O (+) 
(b) 
Fig. 7.8 
Tangent correction h = kN? s (7.50) 
where 
€; 7€) 
k= — TSL 
4n ( ) 


N = the number of chords counted from A (total length / = 2n), 
n = the number of chords of length / on each side of apex of the curve, and 


ei, €; = the rise and fall per chord length of / corresponding to +g, and —g,, respectively. 
Chainage of A = Chainage of apex C - nl 


Chainage of B = Chainage of apex C + nl 


Elevation of A = Elevation of apex C + ne, (take — ive when e, + ive and vice-versa) 
Elevation of B = Elevation of apex C + ne, (take + ive when e, -ive and vice-versa) 
Elevation of tangent at any point (ዘ) = Elevation of A + n'e, 
Elevation of corresponding point on curve 
= Elevation of tangent + tangent correction (algebraically) 

For the positive value of K, the tangent correction is negative, and vice-versa. 

n" chord gradient = e, — (2n — 1) k (7.52) 

Elevation of n" point on curve = Elevation of (n — 1)" point + n" chord gradient 


(g1 — g2)/100 radians 
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Example 7.1. The chainage of the intersection point of two straights is 1060 m, and the angle 
of intersection is 120". If radius of a circular curve to be set out is 570 m, and peg interval is 30 
m, determine the tangent length, the length of the curve, the chainage at the beginning and end of 
the curve, the length of the long chord, the lengths of the sub-chords, and the total number of 
chords. 


Solution (Fig. 7.10): 








Fig. 7.10 
Deflection angle A = 180? — ዕፅ 
= 180" -- 120? = 60? 


= 30° 


ኑጋ | > 


A 
(i) Tangent length T= Rang 


= 570 x tan 30° = 329.09 m 


TRA 


ii) Length of Le 
(ii) Length of curve 180 


, cz X570x60 -- 59690 m 
180 
(iii) Chainage of P.l. = 1060 m 
= (35 x 30 + 10) m 
= 35 Full chain + 10 m 


= 35 4 10 
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T = 329.00 m = 10 + 29.09 
| = 596.90 m = 19 + 26.90 
Chainage of 7, = Chainage of PI. - T 
(35 + 10) - (10 + 29.09) 
24 +10.91 
Chainage of T, = Chainage of T, + l 
(24 + 10.91) + (19 + 26.90) = 44 + 7.81 


DA 
Long chord L = 2R SH 


2 x 570 x sin 30? = 570 m. 


(iv) On the straight AI, the chainage of T, is (24 + 10.91). Therefore a point P having chainage 
(24 + 00) will be 10.91 m before T, on AJ. Since the peg interval is 30 m, the length of the normal 
chord is 30 m. The first point 1 on the curve will be at a distance of 30 m from P having chainage 
(25 + 00) and 30 -- 10.91 = 19.09 m from 7). Thus the length of the first sub-chord 


= 19.09 m. 


Similarly, the chainage of T, being (44 + 7.81) a point Q on the curve having chainage of 
(44 + 00) will be at a distance of 7.81 m from 75. Thus the length of the last sub-chord 


= 7.81 m. 


To calculate the length of the sub-chords directly, the following procedure may be adopted. 
If chainage of T, is (F; + m) and the length of the normal chord C is m then 


the length of the first sub-chord c, = m — m, 
= 30 -- 10.91 = 19.09 m. 
If the chainage of T, is (Fy + m) 
the chainage of the last sub-chord c; = m, = 7.81 m. 
(v) The total number of chords N= n + 2 
where 7n = Chainage of the last peg — chainage of the first peg 
= (44 00) -- (25 + 00) = 19 
Thus N = 19 + 2 = 21. 


Example 7.2. Two straight roads meet at an angle of 130". Calculate the necessary data for 
setting out a circular curve of 15 chains radius between the roads by the perpendicular offsets 
method. The length of one chain is 20 m. 


Making the use of the following data, determine the coordinates of P.C., P.T., and apex of 
the curve. 


(a) Coordinates of a control point X = E 1200 m, N 1500 m 
(b) Distance of X from P.I. = 100 m 

(c) Bearing of line joining IX = 320° 

(d) Angle between IX and back tangent = 90°. 
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Solution (Fig. 7.11): 








A j 
Ne 3 | 
oO 
Fig. 7.11 


The given data are 
15 chains = 15 x 20 = 300 m 


= 180" - 130° = 50° 


= 25° 


NIP ps 


(a) The value of x’ to fix the apex C of the curve, is determined from AOQC 
Xc = 


. A 
= Rsin— 
QC 2 


= 300 x sin 25? 
= 126.79 m. 
The maximum value of x being 126.79 m, the offsets are to be calculated for 
x = 20, 40, 60, 80, 100, 120, and 126.79 m. 


The perpendicular offsets are calculated from 


y = R-J(R? =x) 
Thus Yæ = 300 - (500? -20?) = 0.67 m 
Yao = 300 - (500? —40?) = 2.68 m 
300 - (800? —60?) = 6.06 m 


Y60 
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Y80 
Y100 
J120 


J126.79 


(b) Tangent length T 


External distance E 


Bearing of IT, 


Bearing of IC 


Bearing of X/ 
Bearing of IT, 


Coordinates of ያ 
Departure of XI 
Latitude of XI 
Easting of ያ 


Northing of / 


Coordinates of T| 
Departure of 77) 
Latitude of IT, 
Easting of T| 
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300 -- J(800? 80?) = 10.86 m 
300 - J(500? --100") = 17.16 m 
300 - B00? 120?) = 25.05 m 
300 - (800? 2126.79?) = 28.11 m 


T,C=R > 
= tan — 
i 2 


300 x tan 25° = 139.892 m 
IC= R (se 4-1) 
2 


300 x (sec 25? -- 1) = 31.013 m 
Bearing IX — ZXIT| 
320° — 90° = 230° 


Bearing of IT — - 


230" -- 130" = 165" 
2 
(180? + 320?) -- 360? = 140" 
Bearing of IT, — $ 
230" — 130? = 100? 


Dy, = 100 x sin 140? = + 64.279 m 

Lx; = 100 x cos 140° = — 76.604 m 

E, = Easting of X + Dy; = 1200 + 64.279 
E 1264.279 m = E 1264.28 m 

N; = Northing of X + Ly, = 1500 — 76.604 
N 1423.396 m = N 1423.40 m 


Dj, = 139.892 x sin 230? = — 107.163 m 

Ly, = 139.892 x cos 230? = — 89.92] m 

Ej, = Easting of 1+ Dy, = 1264.279 — 107.163 
E 1157.116 m = E 1157.12 m 
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Northing of T, 
Coordinates of C 
Departure of IC 
Latitude of IC 
Easting of C 
Northing of C 
Coordinates of T, 
Departure of IT, 
Latitude of IT, 


Easting of T, 


Northing of T, 


Checks: Long chord T|T, 


Mid-ordinate EC 


Easting of E = Ep = 


Northing of N = Ng 
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Nr, = Northing of I + Ly, = 1423.396 — 89.921 
N 1333.475 m = N 1333.48 m 


Dic = 31.0013 x sin 165° = + 8.027 m 

Lic = 31.003 x cos 165° = — 29.956 m 

Eç = Easting of 1+ Dic = 1264.279 + 8.027 
E 1272.306 m = E 1272.31 m 

Ne = Northing of 1+ Lic = 1423.396 — 29.956 
N 1393.440 m = N 1393.44 m 


Drm = 139.892 x sin 100° = + 137.767 m 

L m = 139.892 x cos 100° = — 24.292 m 

ያዝ; = Easting of I+ Dym = 1264.279 + 137.767 
E 1402.046 m « E 1402.05 m 

Ny = Northing of 1+ Lim = 1423.396 — 24.292 
N 1399.104 m = N 1399.10 m 


28 sin © 
89 ጋ 
2 x 300 x sin 25? = 253.57 m 


VE; 8 En y ተ (Nz m Ny y 








4 (1402.046 --1157.116)' + (1399.104 — 1333.475} 





4244.930? 565.629? = 253.57 m 


R | ፦ cos) 
2 


300 x (1 — cos 25°) = 28.11 m 


1 
5 (En — Er) 


Ep + 
Tl 2 


1 
1157.116 + 2 x 244.930 = 1279.581 m 


1 
5 Nn- Nr) 


N: 
ቫት ጋ 


1 
1333.475 + 355 65.629 = 1366.290 m 
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EC JE ES (NN 


ህ(1279.581 — 1272.36) + (1366.290 — 1393.44)" 








7.275? + (27.151) 
= 28.11 m. (Okay) 


Example 7.3. A circular curve of 250 m radius is to be set out between two straights having 
deflection angle of 45°20’ right, and chainage of the point of intersection as 112 + 10. Calculate 
the necessary data for setting out the curve by the method of offsets from the chords produced 
taking the length of one chain as 20 m. 


Solution (Fig. 7.2): 


= 45°20’ = 45.333° 


ኑ3 | > > 


= 22°40’ 


A 
Tangent length T = R Bn 


= 250 x tan 22?40' 2 104.41 m 


TRA 
180 


Length of curve / 


7 m X250X 45.333 = 197.80 m 
180 
Chainage of T, = Chainage of P.l. - T 
= (112 + 10) - 104.41 
= (112 x 20 + 10) -- 104.41 
= 2145.59 m = 107 4 5.59 
Chainage of T, = Chainage of T, + l 
= 2145.59 + 197.80 
= 2343.39 m = 117 + 3.39. 
Length of first sub-chord e, = (107 + 20) - (107 + 5.59) = 14.41 m 
Length of last sub-chord ር) = (117 + 3.39) -- (117 + 0) 2 3.39 m 
Number of normal chords N = 117 — 108 2 9 
Total number of chords n = 9 42 = 11. 





Offsets from chords produced 


. Es . 144" — 
2R 2,250 





0.42 m 
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Ce, * C) 
2፳ 


20x(14.414- 20) T 
7 ggo Mm 


C? 
O5 to Oio = R 


20* 
= — = 160m 
250 


C (c, + C) 

2R 
| 3.39x (8.39 20) 
2x250 


The chainages of the points on the curve, chord length, and offsets are given in Table 7.1. 





= 0.16 m 









































Table 7.1 

Point | Chainage Cibona! lemgjin| Orist Remarks 
m) (m) 

0 107+5.59 14.41 ፦ Tj P.C.) 
1 1084-00 20 0.42 
2 1094-00 20 1.38 
3 1104-00 20 1.60 
4 111400 20 1.60 
5 112400 20 1.60 
6 113400 20 1.60 
7 114-00 20 1.60 
8 1154-00 20 1.60 
9 1164-00 20 1.60 
10 117-00 20 1.60 

11 117+3.39 3.39 0.16 | T, (P.T.) 

















Example 7.4. A circular curve of radius of 17.5 chains deflecting right through 32"40', is to 
be set out between two straights having chainage of the point of intersection as (51 + 9.35). 
Calculate the necessary data to set out the curve by the method of deflection angles. Also calculate 
the necessary data indicating the use of the control points shown in Fig. 7.12. The length of one 
chain is 20 m. Present the values of the deflection angles to be set out using a theodolite of least 
count (a) 20”, and (ከ) 1” in tabular form. 
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(E 1062.11, 
N 1062.63) A... p 


(E-1058.55, | 
L7 N 1045.04) | 









X 
(E 941.57, 
N 1041.44) 


Solution (Fig. 7.12): 


ኑ3 | > ው y 


Tangent length T 


Length of curve / 


Chainage of T| 


Chainage of T, 


Length of first sub-chord c, 
Length of last sub-chord c, 
Number of normal chords N 


Total number of chords n 


፳ = 17.5 chains 
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N 
^ 


| 
| ወ 


ያ KA = 3254--.... 


Z 
(E 1161.26, 
N 1025.74) 


\ 73 


K 


Fig. 7.12 


175 x 20 = 350 m 
32°40’ = 32.667° 


16°20’ 


Run 
2 


350 x tan 16?20' = 


TRA 
180 


TX 250X 32.667 

180 
Chainage of P.I. -- T 
(51 + 9.35) — 102.57 
(51 x 20 + 9.35) — 102.57 
926.78 m = 46 + 6.78 
Chainage of T, + l 
926.78 + 199.55 = 1126.33 m 
56 + 6.33. 
(46 + 20) — (46 + 6.78) = 13.22 m 
(56 + 6.33) - (56 + 0) = 6.33 m 
56-4729 
9+2= 11. 


102.57 m 





= 199.55 m 
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Coordinates of 7) and T, 


Bearing of IT; = a 


Bearing of IT, = B = 


Coordinates of T; 


Easting of T, = Er 


Northing of T, = Nr, 


Coordinates of T, 


Easting of T, = Ep 


Northing of T, = Np 


Tangential angles 


Deflection angles 


A, = 8, = 64.925’ =1°04’55” 
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180° + bearing of Tj 

180° + 78?36'30" 
258?36'30" 

Bearing of IT, — ፅ 

Bearing of JT, — (180? — A) 
258?36'30" — (180? — 32°40’) 
111"16'30” 


= Easting of 7 + T sin a 


1058.55 + 102.57 x sin 258?36'30" 
E 958.00 m 

Northing of I+ T cos & 

1045.04 + 102.57 x cos 258?36'30" 
N 1024.78 m 


Easting of 7 + T sin f 

1058.55 + 102.57 x sin 111?16'30" 
E 1154.13 m 

Northing of 7 + T cos ይ 

1045.04 + 102.57 x cos 111°16’30” 
N 1007.812 m. 


[895 minutes 


1718.9 ee 
350 





= 64.925’ 


20 
1718.9—— = 4 
350 98.223 


6.33 


= 1718.9—— = 31.088 


350 


A, = A, + 8, = 64.925’ + 98.223’ = 163.148’ = 2*43/09" 
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A, = A, + 63 = 163.148' + 98.223’ = 261.371’ = 4?2122" 
A4 = Aj + 64 = 261.371’ + 98.223’ = 359.594’ = 5?59'36" 
As = A, + 0, = 359.594’ + 98.223’ = 457.817’ = 7?37'39" 
Ag = As + 66 = 457.817’ + 98.223’ = 556.040’ = 9?16'02" 
A, = Ag + 0, = 556.040’ + 98.223’ = 654.263’ = 10°54’16” 
Ag = A, + 5g = 654.263’ + 98.223’ = 752.486’ = 12°32’29” 
Ag = Ag + 66 = 752.486’ + 98.223’ = 850.709’ = 14?10'43" 
Aio = Ag + ĉip = 850.709 + 98.223’ = 948.932’ = 15?48'56" 
Aj, = Ajo + 0,, = 948.932’ + 31.088’ = 980.020’ = 16?20'00" 
A 
Check: A = ~ = 16°20’ (Okay) 


2 


The deflection angles for theodolites having least counts of 20” and 1”, respectively, are given 
in Table 7.2. 


Table 7.2 





















































0 (T,) | 46+6.78 = 0.0 0.0 0.0 0.0 
1 47+00 13.22 64.925 64.025 1°05’00” 1?04/55" 
2 48-00 20 98.233 163.148 1?43'00" 1?43'09" 
3 49+00 20 98.233 261.371 4°21’20” 4°21’22” 
4 50+00 20 98.233 359.594 5°59’40” 575936” 
5 51400 20 98.233 457.817 7"3740” 73749” 
6 52+00 20 98.233 556.040 971600” 971602” 
7 53+00 20 98.233 654.263 10°54’20” | 10°54’16” 
8 54+00 20 98.233 752.486 12°32’20” | 12°32’29” 
9 55+00 20 98.233 850.709 14?10'40" | 14ግ10'43” 
10 56+00 20 98.233 948.932 15?49'00" | 15?48'56" 
11(75) | 5646.33 6.33 31.088 980.0230 | 16"20'00” | 16?20'00" 








Use of Control Points 


To make the use of control points to set out the curve, the points on the curve can be located by 
setting up the theodolite at any control point, and setting of bearing of a particular point on the 
theodolite, and measuring the length of the point from the control point. From the figure we find 
that to set out the complete curve, use of control point Y would be most appropriate. 


Let us take a point P having chainage 50 + 00 = 50 x 20 + 00 = 1000.00 m, and calculate 
the necessary data to locate it from Y. 
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Bearing of TjP 


Length TP 


=2 x 350 x sin 575936” 


Departure of TjP 
Latitude of T,P 
Easting of P 


Northing of P = Np 


Length YP 


Bearing of YP 


WCB of YP 


Bearing of YZ 


WCB of YZ 
ZPYZ 


SURVEYING 


Bearing of T,J + ZIT,P 

Bearing of TJI + A, 

7836/30" + 5?59'36" = 84?36'06" 

2R sin A, 

= 73.00 m 

Drip = 73.00 x sin 84?36'06" = 72.77 m 
ያዖ = 73.09 x cos 84?36/06" = 6.88 m 
Ep= Er + Drip 


958.00 + 72.77 = 1030.77 m 
Nr, + Lrip 
1024.78 + 6.88 = 1031.66 m 





(Ep — Ey! + (Ne — Ny) 





4(1030.77 — 1062.11)? + (1031.66 — 1062.63) 





4(-31.34. + (-30.97* 
44.06 m 





—30.97 
180° + 45?30/25" = 225°20'25” 


_,(—-31.34 
an ( Aa ]-= 











tan E,-Ey 
N;,-N, 

"m 1161.26 —1062.11 
1025.74 —1062.63 

tan ! dade |- 69?35'30" 


—36.89 


90? + 69?35'30" = 110"24'30” 
WCB of YP -- WCB of YZ 
225°20'25” — 110°24’30” = 114°55’55”. 


The surveyor can sight Z, and P can be located by setting off an angle 114°55’55” on the 
horizontal circle of the theodolite, and measuring distance YP equal to 44.06 m. For other points 
similar calculations can be done to locate them from Y. 
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Example 7.5. Points A, B, C, and D lie on two straights as shown in Fig. 7.13, having 
coordinates given in Table 7.3. The chainage of A is 1216.165 m. Calculate necessary data to set 
out a circular curve of radius 220 m from a point P (E 1114.626 m, N 710.012 m) at through 


chainage interval of 20 m. 


Solution (Fig. 7.13): 


Coordinates of J 

















Table 7.3 
Point Easting | Northing 
(m) (m) 
A 935.922 | 657.993 
B 1051.505 | 767.007 
C 1212.840| 778.996 
D 1331.112| 712.870 











Let the coordinates of J be E, and N;. The equation of a straight line is 


Y=mx+c 


At the intersection 7, we have 


mE, + cy 


Ei 


But m, 


My 


At Point A 657.993 
C, 


C€)—C| 


m — nm» 


_ Ne—-Na 
Ep — EA 


— 767.007 — 657.993 
1051.505 -- 935.922 


_ 109.014 
115.583 





= 0.9432 


1, 8p Ne 
Ep — Ec 


.. 712.870- 778.996 





- 1331112 —1212.840 


09190... 0550] 
118.272 


1 


Ti T» 





ep 
Fig. 7.13 


= 0.9432 x 935.922 «C, 


= — 224.769 
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At Point D 712.870 


C 


Thus the coordinates of 7 are 


The deflection angle ላ 


Tangent length (7) 


Length of curve (/) 


Length /A 


Thus chainage of I 


Thus chainage of T| 


SURVEYING 


- 0.5591 x 1331.112 + C, 





1457.095 
1457.095 + 224.769 111 ጋረ 

0.9432+0.5591 ' peer 
09432 x 1119.526 — 224.769 
831.168 m 


tan !(m,) = tan !(m;) 

tan (0.9432) — tan^!(- 0.5591) 
43*10/33* ርሁ 20 1ወጋት ] 
72°3X07” 


36^16'03.5". 


Bun 
2 


220 x tan 36?16/03.5" = 161.415 m 


TRA 
180 


T x 200 x 72°32’ 07” 





= 278.515 m. 
180 





1 [(Es -Erf * (NA = vj) ] 





[935.922 —1119.526) +(657.993-- 831.168) | 


= 








i [-183604 (173.175) | 


44.06 m. 

Chainage of A + JA 
1216.165 + 252.389 
Chainage of I+ T 

1468.554 — 161.415 
1307.139 m = 65 + 7.139. 


= 1468.554 m 
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Thus chainage of T, 


Bearing of AI 0 


Length of AT| 


Easting of T, = Eg 


Northing of T, 


Let the centre of the curve be O. 


Bearing of TO = a 


Coordinates of O 


Easting of O = Eg 


Northing of O = No 


Bearing of OT, 


Length of first sub-chord ርነ 


Length of last sub-chord ር) 


Total number of chords n 
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Chainage of 73 + l 
1307.139 + 278.515 
1585.654 m = 79 + 5.654. 


| 
(15608 
173.175 
Al- T 
252.389 — 161.415 = 90.974 m. 
Easting of A + AT; sin 0 
935.922 + 90.974 x sin 46?40/28" 
1002.103 m. 
Northing of A + AT| cos 0 
657.993 + 90.974 x cos 46?40'28" 
720.414 m. 


EE) 
Ni - NA 





) = 46°40’ 28". 


Bearing of 7)/ + 90° 
Bearing of ለያ + 90° 
46?40/28" + 90° = 136°4028”. 


Ey +R sin a 

1002.103 + 220 x sin 136°40’28” 
1153.054 m. 

Ny, + R cos ወ 

720.414 + 220 x cos 136"40'28” 
560.371 m. 

Bearing of T,O + 180° 
136°40’28” + 180° 

316"40'28”, 

(65 + 20) - (65 + 7.139) 


12.861 m. 

(79 + 5.654) — (79 + 0) 
5.654 m. 

(79 — 66) + 2 


= 13 +2= 15. 
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Point 1 on the curve 


SURVEYING 


Angle subtended at O by the first sub-chord for point 1 


Bearing of O1 


Easting of point 1 


Northing of point 1 


Length P1 


Bearing of P1 = 


BEC ndi 
—- radians 
R 


degree = 3*20'58” 
220 T 

Bearing of OT, + 3?20'58" 

316?40/28" + 3?20'58" 

320?01/26". 

E, = Eo + R sin 320"01'26” 

1153.054 + 220 x sin 320°01’26” 

1011.711 m. 

N, = Ng + R cos 320"0126” 

560.371 + 220 x cos 320"01'26” 

728.960 m. 





ህዳ = Ep) +(M- Ne) 





(011.711 114.626) + (728.960 — 710.012). 





\|(-102.915) + 18.948 
104.64 m. 





dos 
n 


e) dab d e 


The line being in fourth quadrant, the bearing will be 360? — 79°34’05” = 280?25'55". 


Point 2 on the curve 
Chord length 


Angle subtended at O 


Bearing of O2 


Easting of point 2 = E, 


cj C = 12.861 + 20 = 32.861 m. 


Base degrees 
220 c 
8?33/29", 
316?40/28" + 8?33/29" 
325?13'57". 
Eo + R sin 325°13’57” 
1153.054 + 220 x sin 325?13'57" 
1027.600 m. 


CURVE RANGING 


Point 3 on 


Northing of point 2 = N, 


Length P2 


Bearing of P2 


the curve 
Chord length 


Angle subtended at O 


Bearing of O3 


Easting of point 3 = E, 


Northing of point 2 = N, 


Length P3 


Bearing of P3 
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No + R cos 320"01'26” 
560.371 + 220 x cos 320?01/26" 
728.960 m. 





JE — Ev) +(No— Ney 





(1027.60 - 1114.626} + (741.095 - 710.012)" 





(787.026) + 31.083? = 92.41 m. 


af — 87.026 
tan | ———— 
31.083 

— 70?20'41" = 289?39']0". 


cp+ C+ C= 12.861 + 20 + 20 = 52.861 m. 


ae degrees 
220 m 
13?46'01^. 
316?40/28" + 13"46'01” 
330"26'29”. 
Eg + R sin 33072629" 
1153.054 + 220 x sin 330"26'20” 
1044.525 m. 
No + R cos 330?2620" 
560.371 + 220 x cos 330°26’29” 
751.738 m. 





(Es — Ep) (Ns — No. 





[(1044.525- 1114.626) + (7851.738 — 710.012)" 





\(—70.101) 41.72€. = 81.579 m. 


a um) 
41.726 


— 5971416” = 300?45'44^". 





In similar manner as above, the necessary data for the remaining points have been calculated, 
and are presented in Table 7.3. 


Table 7.3 










































































0-7; | 65+7.139 ፦ 1002.103 | 720414 | 275?16'54" 113.003 31640728" ፦ 
1 66+00 12.861 | 1011.711 | 728.960 | 280?25'55" 106.640 320"01'26” 372058” 
2 67+00 32.861 | 1027.600 | 741.095 | 289?39']9" 92.410 325°13'57” 8?33/29" 
3 68400 52.861 | 1044.525 | 751.738 | 300?45'44" 81.579 330°26'29” 13?46'01^ 
4 69-00 72.861 | 1062.346 | 760.801 | 314"10'16” 72.888 335°39'00” 18°58’32” 
5 70+00 92.861 | 1080.916 | 768.208 | 329?55'06" 67.254 340°5 131” 24°11'03” 
6 71+00 112.861 | 1100.083 | 773.899 | 347"10'33” 65.521 346?04'03" 29?23/35" 
7 72400 132.861 | 1119.686 | 777.826 4°16'02” 68.003 351°16°34” 34?36'06" 
8 73400 152.861 | 1139.565 | 779.957 19?37726" 74.258 356?29'05" 39"48'37” 
9 74+00 172.861 | 1159.556 | 780275 32?35'49" 83.400 1?41'47" 45°01’09” 
10 75+00 192.861 | 1179.493 | 778.777 | 43?19'45" 94.532 675408” 50°13’40” 
11 76+00 212.861 | 1199.212 | 775.474 | 52°15’54” 106.958 12°06’40” 55?2612" 
12 77+00 232.861 | 1218.549 | 770.396 | 59"50'29”" 120.192 17"0911” 60?38'43" 
13 7800 252.861 | 1237.345 | 763.583 66?25'02" 133.902 22?31'42" 65°51'14” 
14 79+00 272.861 | 1255.446 | 755.091 72°14'57” 147.859 27"4414” 71"03'46” 
15-T, | 79+5.654 | 278.515 | 1260.416 | 752.396 | 73"47"23” 151.826 29?12/35" 72?32/07" 
= A (Okay) 
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As a check, the bearing of T, and T5, and their distances from P have also been calculated, 


and presented in the above Table. 


A further check on the computations can be applied by calculating the coordinates of T, 


directly as below. 


AIT S 


Bearing of TT, 


Length of TT, 


Thus En 


Np = 


i 36° 16’03.5” 
3 : 


ላ 
6"= Bearing of AI t 


46?40'/28" + 36?16'03.5" = 82°56'31.5”. 


2፳ sin Ê 
= sin 2 


2 x 220 x sin 36?16'03.5" = 260.285 m. 
Ern + T,T, sin 0’ 


= 1002.103 + 260.285 sin 82°56'31.5” 


1260.416 (Okay) 
Ny, + TT, cos 0’ 
720.414 + 260.285 cos 82°5631.5” 
752.396 (Okay). 


Example 7.6. Two straights AP and QC meet at an inaccessible point /. A circular curve of 


500 m radius is to be set out joining the two straights. The following data were collected: 
ZAPQ = 157°22’, ZCQP = 164°38’, PQ = 200 m. 
Calculate the necessary data for setting out the curve by the method of offsets from long 
chord. The chain to be used is of 30 m length, and the chainage of P is (57 + 17.30) chains. 


Solution (Fig. 7.14): 
In the figure 


A 
2 


From sine rule in APIQ, we have 
PI 
sin 0, 





157°22’ 
164?38' 
180" — a = 22?38 


= 1809 -- f = 15°22’ 


180° — (0, + 6) 
180° — (22*38' + 15°22’) = 142*00' 
180° — @ 

180° — 142°00’ = 38°00’ 


19°00’. 


PQ 


sin ó 
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PQsin 0, 


PI = 
sind 






- 200 x sin 15°22’ 
i sin 142? 


Tangent length T = Rün^ 


— 86.085 m. 








= 500xtan19° A | | ር 
= 172.164 m. bh | 
£ | 
Length of curve / = ARRA m 
180 e 
o 
ፌሬ. ንር a Fig. 7.14 
180 


Chainage of T, = Chainage of P + PI- T 
= 57 x 30 + 17.30 + 86.085 — 172.164 
= 1641.221 m 
= (54 + 21.22) chains. 
Chainage of T) = Chainage of T, + l 
= 1641.221 + 331.613 
= 1972.834 m 
= (65 + 22.83) chains. 


: 
Long chord = 2R BIS 


= 2x500xsin19° = 325.57 m. 
Mid-ordinate = R | — cos 5] 


= 500 x (1 -- 60819) = 27.24 m. 


Locate E at J12 = 7 = ; x 325.57 = 162.79 m, and C at 27.24 m on the perpendicular to 


T,T, at E. To locate other points, the distances to be measured along 7,7, from E on either sides 
of E are 


X = 0, 30, 60, 90, 120, 150, 162.785 m. 
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The ordinates are given by 


ss 
ll 


(R? - x?) - እ ፦ Ly 


4 


J500? ~ x1)- 472.159 


The calculated values of y are given in Table 7.5. 


Table 7.5 





Distance x (m)| 0 30 60 90 120 | 150 | 162.79 
Offset y (m)  |27.24 | 26.34 | 23.63 | 19.07 | 12.63 | 421| 0.00 





























Check: 
y at x = 0.00 m is equal to M = 27.24 m 
yat x = 162.79 m is equal to = 0.00 m. 


Example 7.7. Two straights AB and BC are to be connected by a right-hand circular curve. 
The bearings of AB and BC are 70? and 140^, respectively. The curve is to pass through a point 
P at a distance of 120 m from B, and the angle ABP 15 40". Determine 


(i) Radius of the curve, 
(ii) Chainage of the tangent points, 
(iii) Total deflection angles for the first two pegs. 


Take the peg interval and the length of a normal chord as 30 m. The chainage of the P.I. is 
3000 m. 


Solution (Fig. 7.15): 
From the given data, we have 
Bearing of AB = 70? 
Bearing of BC = 140" 
ZABP = ዐ = 40? 
BP = 120 m. 
Thus the deflection angle A = 140? — 70? = 70" 


ል 359 
2 = . 


If ZPOT| = 0 , the following expression can be derived for 0. 


cos (2+ a) 
-1 2 


-Q 
A 
cos — 


0 = COS 
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_ cos (35° + 40°) 
087 ———————— 
cos 35? 
31°34’52.46”. 


The radius of the curve passing through P which is at a distance of x from B along the tangent 
BT,, is given by 


- 40° 


R= x tana 
1--ር086 


BP cosa ae 
COS QU 


1--ር086 


BP sina 
1—cos0 





120xsin 40? 
1 — cos 31°34’52.46” 
= 520.82 m. 








Tangent length T = Rün^ 


= 520.82xtan35° = 364.68 m. 


TRA 
Length of curve / = 180 
m x520.82x 70 
> ው dc Gn 636.30 m. 
Chainage of T, = Chainage of B- T 
= 3000 — 364.68 


= 2635.32 m = (87 + 25.32) chains. 
Chainage of T; = Chainage of 7] + 1 

= 2635.32 + 636.30 

= 3271.62 m = (109 + 1.62) chains. 
Length of first sub-chord c, = (87 + 30) - (87 + 25.32) 

= 4.68 m. 
Length of last sub-chord ር) = (109 + 1.62) -- (109 + 0) 

= 1.62 m. 
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Tangential angle = ከጽ minutes 
For the first peg ô = IUIS MON = 0°15’27” 
520.82 
1718. 
For the second peg ô = B = 1739'01” 
520.82 
Total deflection angles 
For the first peg A, = 071527” 
For the second peg A, = 0?15'27" + 1?39'01" = 1°54’28”. 


Example 7.8. Two straights AB and BC intersect at chainage 1530.685 m, the total deflection 
angle being 33°08’. It is proposed to insert a circular curve of 1000 m radius and the transition 
curves for a rate of change of radial acceleration of 0.3 m/s, and a velocity of 108 km/h. Determine 
setting out data using theodolite and tape for the transition curve at 20 m intervals and the circular 
curve at 50 m intervals. 


Solution (Fig. 7.16): 


Given that 
Rate of change of radial acceleration œ = 0.3 m/s? 
Velocity V = 110 ከጨ or y = መው _ 30,000 my 
elocity V = „0r v= xe) OO s 


A 
Deflection angle A = 33°08’, or 2 = 16"34' 


Radius of circular curve = 1000 m 
Chainage of / = 1530.685 m 
Peg interval for the transition curve = 20 m 
Peg interval for the circular curve = 50 m. 


3 





V 
p 
LR 
3 
p= XL.2.30000 _ $0000 m. 
aR 0.3 1000 
R 90000 
Shift 5 = -: = 0.338 m. 





24R 24 ፡ 1000 


Circular curve 
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Tangent length IT; 


AS 


Angle subtended by the circular curve 


ፀ 


Length of circular curve ያ 


Chainage of 7) 


Chainage of A 


Chainage of B 


Chainage of T, 


SURVEYING 


(R3 Sdn at 
2 2 
90.000 


2 





(1000 + 0.338) x tan 16?34' + 


342.580 m. 
ES 
2R 


90.000 
2x1000 





radians 


A a d = 293442" 
2x1000 zx ^97 


at its centre 

A — 2AS 

32°24’ -- 2 x 2°43’28” = 275836". 

TRA 

180 

ጄ x 1000 x 2725836" 

180 

488.285 m. 

Chainage of 7- IT, 

1530.685 — 342.580 = 1188.105 m 

(59 + 8.105) chains for peg interval 20 m. 
Chainage of 7) + L 

1188.105 + 90.000 = 1278.105 m 

(25 + 28.105) chains for peg interval 50 m. 
Chainage of A+ / 

1278.105 + 488.285 

1766.390 m 

(35 + 16.390) chains for peg interval 50 m. 
(88 + 6.390) chains for peg interval 20 m. 
Chainage of B+ L 

1766.390 + 90.000 = 1856.390 m 

(92 + 16.390) chains for peg interval 20 m. 
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Length of first sub-chord for the transition curve 
c = (59 + 20) -- (59 + 8.105) = 11.895 m. 
Length of first sub-chord for the circular curve 
Cp = (25 + 50) - (25 + 28.105) = 21.895 m. 


Length of last sub-chord for the circular curve 
cı = (35 + 16.390) - (35 + 0) = 16.390 m. 


Deflection angle for the transition curve 


18007 . 
= minutes 
TRL 





1800 2 
~ m x 1000 x 90.000 


0.006366 ያ" minutes. 


For different values of /, the deflection angles are given in Table 7.5. 





minutes 


Deflection angle for the circular curve 


ô = 171897 minutes 























22 ማሬ minutes 
1000 
= 1.7189 c minutes 
Table 7.5 
0 (T) | 1188.105 0.0 0.0 0.0 
1 1200.000 11.895 11.895 0"00'54” 
2 1220.000 20 31.895 0°06’29” 
3 1240.000 20 51.895 0?17'09" 
4 1260.000 20 71.895 0?32/54" 
5 (A) | 1278.105 18.105 90.000 0?51'34" 

















The values of the tangential angles and total deflection angles to be set out at A are given in 
Table 7.6. 
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Table 7.6 





5 (A) | 1278.105 0.0 0.0 0.0 





6 1300.000 21.805 | 0?37/38.1" | 0°37'38” 
7 1350.000 50 1°25’56.7” | 2?03/35" 
8 1400.000 50 1°25’56.7” | 3?20'32" 
9 1450.000 50 1°25’56.7” | 4°55’28” 
10 1500.000 50 1°25’56.7” | 6?21/25" 
11 1550.000 50 1°25’56.7” | 794722” 
12 1600.000 50 1°25’56.7” | 991318” 
13 1650.000 50 1°25’56.7” | 10?39'15" 
14 1700.000 50 1°25’56.7” | 120512” 
15 1750.766 50 1°25’56.7” | 13?31'08" 
16 (B) | 1766.390 16.390 | 0?28'10.4" | 13°59°19” 















































The second transition curve is set out from tangent point T, by measuring distances in the 
direction from B to T», and deflection angles for the corresponding points from T, measured in 
counterclockwise from TI. 


Length of first sub-chord for the transition curve measured from B 


» 


€, 


(88 + 20) — (88 + 6.390) = 13.610 m. 
Length of last sub-chord 
c; = (92 + 16.390) — (92 + 0) = 16.390 m. 


Table 7.7 


16 (B)! 1766.390| 13.610 90.000 0*51/34" 
(from Table 7.5) 


17 1780.000 | 20.000 76.390 0"3709” 
18 1800.000 | 20.000 56.390 0°20'15” 
19 1820.000 | 20.000 36.390 0°08'26” 
20 1840.000 | 16.390 16.390 0"01'43” 
21 (T5) 1856.390 0.0 0.0 0.0 
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Number of normal chords of 20 m = 92 -- 89 2 3 
Deflection angles 
For point 17, the chord length from 73 = 95.097 — 2.234 = 92.863 m 

8,, = 0.006025 x 92.863? = 51'57". 
For point 18, the chord length from 73, = 92.863 — 20 = 72.863 m 

6,, = 0.006025 x 72.863? = 31'59". 
For other points ፅ can be computed in the similar manner. The data are tabulated inTable-7.7. 
Example 7.9. For Example 7.8, determine the offsets required to set out the first transition 

curve. 
Solution (Fig. 7.16): 
In the previous example, the length of the transition curve has been determined as 
L = 90.000 m 

The offsets from the straight T/ for cubic spiral 


p 
6RL 





x= 


p n 
6x1000x90.000 ^ 540000 
Chord length for setting out a transition curve is taken as 1/2 or 1/3 of the corresponding chord 
length taken for a circular curve which is R/20.Therefore, for the circular curve chord length 


= 1000/20 = 50 m, and for the transition curve 50/2 or 50/3 = 20 m. Thus the given chord lengths 
in the problem, are justified. The offsets calculated using the above formula, are given in Table 7.8. 














Table 7.8 
Point Chainage| Chord / X 
ga m) length (m)| (m) (m) 
O (7,) | 1188.105 0.0 0.0 0.0 
1 1200.000 11.895 11.895 | 0.003 





2 1220.000 20 31.895 | 0.060 
3 1240.000 20 51.895 | 0.259 
4 1260.000 20 71.895 | 0.688 
5 (Ty) | 1278.105 18.105 90.000 | 1.350 


























Example 7.11. It is proposed to connect two straights, their point of intersection being 
inaccessible, by a curve wholly transitional. The points A and B lie on the first straight, and C and 
D lie on the second straight. These points were connected by running a traverse BPQC between 
B and C. The data given in Table 7.9 were obtained. 
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Table 7.9 





Line | Length (m)| Bearing 
AB 0.0 370510” 
BP 51.50 19*16'50" 
PQ 70.86 29°02’10” 
QC 66.25 53?25'30" 
CD 0.0 66^45'10" 


























Determine the locations of the tangent points for the design of the rate of change of radial 
acceleration as 1/3 m/s), and the design velocity as 52 km/h. 


Solution (Fig. 7.17, 7.19 and 7.20): 











Proposed 
Transition curve 


Fig. 7.17 


Latitudes and departures of the lines 
Latitude L = | cos 8 
Departure D = | sin 0 









Lpp = 51.50 x cos 19°16’50” = 48.61 m 

Dpp = 5150 x sin 19°16’50” = 17.00 m 

Lpo = 70.86 x cos 29°02’10” = 61.95 m 

Dpg = 70.86 x sin 29?02'10" = 34.39 m 

Loc = 66.25 x cos 5325/30" = 39.48 m 

Doc = 6625 x sin 5372530" = 53.20 m ጥ 

EL = 15004 m 25 

XD - 104.59 m. X 
i : Ha ie — 

Length BC = 4150.04 +104.5% = 182.90 m Ly d M 

ሥ AO" 


Bearing of BC 0 = tan 





4 (3008 
104.59 

In Fig. 7.18, we have A 
A = ZI'IC = Bearing of CD — bearing of AB 

Bearing of IC — bearing of BI 

= 66?45'10" — 3?05'10" 

= 63?40'00". 


| =45°07'13", 


BYZ 
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In ABIC, we have 
ZBIC 


ZIBC 


ZBCI 


By sine rule, we get 


IB 
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180° — ZI'IC 

180" — 63°40’00” = 116"20'00” 

Bearing of BC — Bearing of BI 

5590713" — 3*05' 10" = 5270203" 

180" — (ZBIC + ZIBC) 

180? — (116?20'00" + 52°02’03”) = 11?37'57T". 


BC IC 





sin BCI 


IB 


IC 


In ABI C, we have 


CI’ = 





sinBIC sin IBC 


BCsin BCI 
sin BIC 


182.90 x sin11?37' 57" 
sin116?20' 00" 
BCsin IBC 
sin BIC 





= 41.15 m 


182.90x sin 52°02'03” 
sin116720/00" 





= 160.89 m. 


BC cosIBC 
182.90 x cos 52?02/03" = 112.52 m 


BCsin IBC 
182.90 x sin 52?02/03" = 144.19 m. 


The transitional curve is to be wholly transitional and, therefore, there will be two transition 


curves meeting at common point T as shown in Fig. 7.19, having the common tangent EF at T. 
The tangent ET to the first transition curve at T makes angle $, with that tangent 7/ or the tangent 
TF to the second transition curve makes angle p; with the tangent IT}. 


A o ^ ^» 
= 634000 L 3195000” = 0.5555965 radians. 








Fig. 7.19 
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A 
The angle 6, being of large magnitude, the first order equations used between 0) and — in this 








2 
case, will not be valid. 
Taking dx = d sin $ 
dy = d cos ዕ 
o? £) ( Ê 16 ge | 
= -H4++ |dl = — + dl 
ዝው a s E 3! 5! 2k 48k? 3840) 
2 4 4 8 
E i-£«f a-(i- 2. : Ja. 
2! 6! 8k? 384k4 


By integrating the above equations, we get 











P [’ p! 
y= = + 
6k 336)  42240p 
5 9 
y= /፦ I t I 
40k? 34565" 


In the above equations, the constant of integration are zero since at / = 0, $ = 0. If L is the 
length of each transition curve with the minimum radius ፳ at the junction point 7, then 


L 
= 0.5555965 = => 
L = 1111193 R. 


3 
Also a= x 
LR 

1 | (52x 1000/3600) 


3 LR 





3 
LR = k= (52x122) x3 = 9041.15. 
3600 


(1.1460996 R) R = 9041.15 


904115 
1.111193 


R= | = 90.20 m 
1.111193 


and L = 10023 m. 


R, = 
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Thus, when / = L at T, the values of x and y are 





100.23? 100.23’ 
Xr = = 3 = 18.15 m 
6 x 9041.15 336 x 9041.15 
5 
paiia — — =:9፡:146 
40 x 9041.15? 

Now 
Tangent length TM = T4 = yp* xp tan 0, 


= 97.14 + 18.15 x tan 31?50/00" = 108.41 m. 
To locate 7T, from BI, and T, from C, we require 
BT, = IT, - IB 
= 108.41 -- 41.15 = 67.26 m 
CT, = IT, - IC 
108.41 — 160.89 = — 52.48 m. 
The negative sign of CT, shows that T, is between / and C. 


Example 7.11. Two straights having a total deflection angle of 65?45' are connected with a 
circular curve of radius 1550 m. It is required to introduce a curve of length 120 m at the beginning 
and end of the circular curve without altering the total length of the route. The transition curve to 
be inserted is a cubic spiral, and the chainage of the point of intersection is 5302.10 m. Calculate 


(i) the distance between the new and the previous tangent points, 
(ii) the setting out data for transition curve taking peg intervals 20 m, and 
(iii) the data for locating the midpoint of the new circular curve from the point of intersection. 


Solution (Fig. 7.20 and 7.22): 


1(5302,10 m) 











Existing 


tangent point Tr 






T^ Existing circular Th 


Curve R’= 1550 m 





New tangent 
point 


Fig. 7.20 


ሟ 
ዘ 


1550 m 
= 65°45’ = 65.75? 


ኑ3 | > > 


32*52'30^ 
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Existing circular curve 








podre s 
urve leng = 180 
»" ጄ x1550 x 65.75 - 177871 m. 
180 
, ላ 
Tangent length (/77)]) T = R’ tan P 


1550 x tan 32?52/30" = 1001.78 m. 


Transition curves 


ሻ i 
01= jg "dans 


where L is the length of the transition curve, and ፳ is the radius of the new circular curve. 






Midpoint of new 
circular curve 


Fig. 7.21 


Total length of the curve 


TRA 
"T = S (eR 
tt ሪቱ E: ($i ) 


27 + [856575 L]a 
180. R 


abs (11475540- £ )g 


B 


Shift of circul $-—— 
ift of circular curve 24፳ 
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and 


The new tangent length 


T, T, 
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L ^ 
= 4(R+S)tan— 
5 + (R+S)tan ጋ 


£g 


É 
(x + Z) tan 32°52 30” 
2 24R 


IT/,- T= IT’ — 1001.78 


Since the total length of the route must remain unchanged, the total curve length 


T, T, 


OL + |11475540---:]፻ 


Length of the existing circular curve + 2 T,'T' 


1778.71 + 27,7 


2 
1778.71+2 Es ns Janszsrrao -2x 1001.78 
2 24፳ 


By clearing and rearranging the terms, and substituting the value of L = 120 m, we get 
R^ -- 1549.98 R + 5346.32 = 0 


Solving the above equation, we get 


R 


Thus S 


m 


1546.52 m. 


L _ 120? 
24R | 24x1546.52 





= 0.39 m 


“+ (1546.52+0.39)tan 3252/30" = 1059.78 m. 


a) Therefore the distance between the new tangent point T; and the previous tangent point T 
gent p 1 p gent p 1 


7171 


(b) Setting out transition curve 71 


Chainage of T; 


ie IT, 
1059.78 — 1001.78 = 58.00 m. 


Pd 


Chainage of I- Til 
5302.10 — 1059.78 = 42425.32 m 
212 + 2.32 for 20 m chain. 
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The deflection angle for chord length / 


ፅ 


The length of the first sub-chord 


€f 
Ó,7 cg 


537.68 


18007 





minutes 


1800 p 
T x 1546.52 x 120 


0.0030873 minutes. 





minutes 


(212 420) — (212 + 2.32) = 17.68 m 
0.0030873 x 17.68? minutes 

0058” 

0.0030873 x 37.682 minutes 

423”. 


Other values of ô are given in Table 7.10. 


Table 7.10 









































0(7/)| 424232 | ዐ0 0.0 
1 4260.00 17.68 0:58” 
2 | 428000 | 3768 | 423 
3 | 4300.00 | 5768 | 1016” 
4 | 422000 | 7768 | 1838" 
5 | 434000 | 9768 | 2927" 
6 | 436000 | 11768 | 4245" 
7 (Tj )| 4362.32 120.00 44727” 
OT, _ R+S 
(c) pas vo 
COS — COS — 
2 2 
1546.52 + 0.39 
= = 1841.87 m 
65745 
COS — — 
2 
IC’ = 10 - OC’ 
= 1841.87 — (1546.52 + 0.39) = 294.96 m 
IC = dC C'C 


ZII'O = 


294.96 + 0.39 = 295.35 m 
65°45” + 57"07 30” = 122°52’30” 
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Now C can be located by setting out an angle of 122°52’30” from 7,7 produced, and 
measuring a distance of 295.35 m from J. 


Example 7.12. Two parallel railway tracks, centre lines being 60 m apart, are to be connected 
by a reverse curve, each section having the same radius. If the maximum distance between the tangent 
points is 220 m calculate the maximum allowable radius of the reverse curve that can be used. 


Solution (Fig. 7.22): 























We have 
A 
QA 2 2 
Tis] Tue ME e (41 + AD ) 
= J(200? + 60°) 
= 228.035 m ...(a) 
PQ = (PT; + T4Q) = 2PT, = 2R n= 60 
2  sinA 
sin — 
2 Vu 60 
ve 7 ው A 
sin — 2 sin —cos— 
2 2 2 
2RsinS = a) 
2 sin — 
30 
From (a), we have 228.035 = TN 
sin — 
2 
A 30 
sin— = 
228.035 
. A 
Substituting the value of mu in (a) we get 
30 
Rx = 228. 
228.035 mas 
2 
god 06 


60 
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Example 7.13. The first branch of a reverse curve has a radius of 200 m. If the distance 
between the tangent points is 110 m, what is the radius of the second branch so that the curve 
can connect two parallel straights, 18 m apart ? Also calculate the length of the two branches of 
the curve. 





Solution (Fig. 7.23): ር 
We have 
R, = 200 
D = 18 m 
L = 110 m. 





From Eq. (7.37), we have 








R, = 55.5 


- 10  500-13611m. 


2x18 





From Eq. (7.36), we have 


D= 2(R t R;)sin? E 


Arca o 
2(R +R) 








= 2x sin”! 18 
2 x (200+136.11) 


= 185010" = 18,836 = A; 


The lengths of the first and second branches of the curve 








EE 
1^ 180 
B T x 200 x 18.836 = 65.75 m 
180 
l T x 136.11 x 18.836 = 44.75 m. 


180 


Example 7.14. It is proposed to introduce a reverse curve between two straights AB and CD 
intersecting at a point J with ZCBI = 30? and “BCI = 120°. The reverse curve consists of two 
circular arcs AX and XD, X lying on the common tangent BC. If BC = 791.71, the radius 
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Ray = 750 m, and chainage of B is 1250 m, calculate 


(i) the radius Ryp, 


(ii) the lengths of the reverse curve, and 


(iii The chainage of D. 
Solution (Fig. 7.24): 


From the given data, we have 


A, = 


A, = 


Ray = 
BC = 
Chainage of B = 
(a) Tangent lengths 


BX = 


XC = 
BC = 


BC = 


Ryp = 


(b) Length of the reverse curve / 


30°, ÂL = 15° 
5 
A2 
180° — 120° = 60°, ጋ. = 30° 


750 m 
791.71 m ap È 
1250 m. | N 








^ 
2 


=L 4 Ryp tan 


BC — Rax tan ^ 
tan 42 


791.71-- 750 x tan 15° 
tan 30° 





= 1023.21 m. 


TR yA, 
180 


TR pA, 
180 


lax + lyp 
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= iso Rs t Ryp) 


E is x (750 x 30 + 1023.21 x 60) = 1464.20 m. 
(c) Chainage of D 


A 
AB = BX- Ry tan > 


= 750 x tan 15? = 200.96 m 
Chainage of D = Chainage of B - AB + l 
= 1250 - 200.96 + 146.20 = 2513.24 m. 


Example 7.15. Two straights AB and BC falling to the right at gradients 10% and 5%, 
respectively, are to be connected by a parabolic curve 200 m long. Design the vertical curve for 
chainage and reduce level of B as 2527.00 m and 56.46 m, respectively. Take peg interval as 
20 m. 


Also calculate the sight distance for a car having headlights 0.60 m above the road level, and 
the headlight beams inclined upwards at an angle of 1.2". 


Solution (Fig. 7.25): 


The total number of stations at 20 m interval 


L 200 











= 28= —=— =10m 
20 20 
or n= v zx 
2 
a REL. 
Ao ~~ 
g1 =- 100 Y | T 
፪ x » |. ie c . 
» =_5% -. 
; g--54 ር0 C 
Fig. 7.25 
Fall per chord length 
a= 6 09 1S gs ooa 
' 100 100 
e= S x20- 3 x20- 1m. 


100 100 
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Elevation of the beginning of the curve at 40 


Elevation of the end of the curve at 


Elevation of B — ne, 

56.46 — 5 x (- 2) = 66.46 m. 
Co 

Elevation of B + ne; 

56.46 -- 5 x (-1) = 51.46 m. 


Tangent correction with respect to the first tangent 


hz 


where k= 


Reduced levels (R.L.) of the points 


kN? 

€j 7 € 
4n 

u mm 
4x5 


on the curve 


— 0.05 


Tangential elevation — tangent correction 
H-h 


where H is the tangential elevation of a point. 


R.L. on the n'™ point on the curve 
R.L. of point 1 (Aj) = 
R.L. of point 2 = 

R.L. of point 3 = 

R.L. of point 4 = 

R.L. of point 5 = 

R.L. of point 6 = 

R.L. of point 7 = 

R.L. of point 8 = 

R.L. of point 9 = 

R.L. of point 10 (Cy) = 


Chainage of the intersection point B 


Chainage of Ay = 


Chainage of Cy = 


= RL. of Ag + n'e; — kn’? 

66.46 + 1 x (2) - C 0.05) x 1? = 6451 m 
646 + 2 x (= 2) - (-- 0.05) x 2? = 62.66 m 
6.46 + 3 x (-2)- (- 0.05) x 33 = 6091 m 
66.46 + 4 x (- 2) - (- 0.05) x 4" = 59.26 m 
66.46 + 5 x (-- 2) -- (= 0.05) x 5° = 5771 m 
66.46 + 6 x (- 2) - (= 0.05) x € = 5626 m 
66.46 + 7 x (= 2) - (= 0.05) x 7 = 54.91 m 
66.46 + 8 x (- 2) -- (= 0.05) x 8 = 53.66 m 
66.46 + 9 x (-2) - (= 0.05) x 9 = 52.51 m 
66.46 + 10 x (- 2) -- (-- 0.05) x 10? = 51.46 m (Okay). 
= 2527.00 m 

Chainage of B — 20n 

2527.00 — 20 x 5 = 2427.00 m. 

Chainage of B + 20n 

2527.00 + 20 x 5 = 2627.00 m. 


The chainage of the points and the reduced levels of the corresponding points on the curve 


are tabulated in Table 7.11. 
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Table 7.11 



































0 2427.00 66.46 Ao (P.C.) 
1 2447.00 64.51 

2 2467.00 62.66 

3 2487.00 60.91 

4 2507.00 59.26 

2 2527.00 57.71 Apex 

6 2547.00 56.26 

7 2567.00 54.91 

8 2587.00 53.66 

9 2607.00 52.51 

10 2627.00 51.46 C, (P.T.) 














With the car at tangent point Ap, the headlight beams will strike the curved road surface at 
a point where the offset y from the tangent at Aù is (0.60 + x tan 1.2"), x being the distance from 
Ag. The offset y at a distance x from Ag is given by 


ys $17 82 x 
4001 
where / is half of the total length of the curve = 200/2 = 100 m. Thus 
-241 5 d 
y= X — 
400x100 40000 





ignoring the sign 


2 
X 


40000 
0 





Or 0.60 + x tan 1.22 = 


x? — 837.88x — 24000 





4837.88 + 937.88? + 4 x 1x 2400 
2፡1 


= 865.61 m. 





Sight distance x = 


Example 7.16. Two straights AB having gradient rising to the right at 1 in 60 and BC having 
gradient falling to the right at 1 in 50, are to be connected at a summit by a parabolic curve. The 
point A, reduced level 121.45 m, lies on AB at chainage 1964.00 m, and C, reduced level 120.05 
m, lies on. BC at chainage 2276.00 m. The vertical curve must pass through a point M, reduced 
level 122.88 at chainage 2088.00 m. 


Design the curve, and determine the sight distance between two points 1.06 m above road 
level. 
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Solution (Fig. 7.26): 
Given that 


249 


m 2 ey 
ው dusk bo 

D T 
T z0 rm 0. 














Let the horizontal distance AB = 


Level of B = 


Therefore 


Xx 
121.45 Se 
ግ 0 


xX, = 


Chainage of B = 
Distance of M from B = 


Distance of M from A = 


Grade level at the chainage of M = 





Sight distance ው 


Fig. 7.26 
X4. 


x 
Level of A+ — 


60 


12145 + 2 
60 


2276 — 1964 — x 


Level of C + 
evel o 50 


312- x 
50 


120.05 + 


312- x 
50 


120.05 + 


120.054 o^ 121.45 — 132.00 m. 





50x 60 
110 | 
Chainage of A + x, 

1964.00 132.00 = 2096.00 m. 

x’ = Chainage of B — chainage of M 
2096.00 — 2088.00 = 8.00 m. 
Chainage of M -- chainage of A 
2088 — 1964.00 = 124.00 m . 


B) = 123.52 m. 


121.45 
t us 
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Curve level at M = 122.88 m 
Offset at M = 123.52 -- 122.88 = 0.64 m. 
If the tangent length of the curve is / then the offset at M 
E 8—82 l—x 2 
. 400/ 
= ደ1 — §2 jeg 
Or 0.64 = - A00I ( ) 
ran f 
= 1-8 
4001 s 
P — 85.818182 1 + 64 = 0 
| = 85.066 m. 
The value of / can be taken as 85 m for the design purposes. Therefore 
chainage of P = 2096.00 — 85 = 2011.00 m 
chainage of Q = 2011.00 + 2x 85 = 2181.00 m. 
Taking peg interval as 20 m, the values of x and chainage of the points are 
x = 0.0 m chainage of 0 (P) = 2011.00 m 
= 9.0 m 1 = 2020.00 m 
= 29.0 m 2 = 2040.00 m 
= 49.0 m 3 = 2060.00 m 
= 69.0 m 4 = 2080.00 m 
= 89.0 m 5 = 2100.00 m 
= 109.0 m 6 = 2120.00 m 
= 129.0 m 7 = 2140.00 m 
= 149.0 m 8 = 2160.00 m 
= 169.0 m 9 = 2180.00 m 
= 170.0 m 10 = 2181.00 m 
Grade levels 
Distance between A and P = 2011.00 — 1964.00 = 47.00 m 
47 
Grade level at P = ao = 122.23 m. 
x 
The grade levels of other points can be obtained from 122.23 + 60^ and the offsets y from 
$17 82 


5192 y? by substituting the values of x. The curve levels can be calculated by subtracting the 


4001 
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offsets from the corresponding grade levels. The calculated values of the design data are presented 
in Table 7.12. 


The level of a point on the curve above P is obtained by the expression 


$1 $1 -— $82 x? 


100 4001 


where x is the distance of the point P. The highest point on the curve is that point for which h 
is maximum. By differentiating the above expression and equating to zero, we get the value x, 
at which h = A. 


pe 8X 8o 
100 40 


dh = 21 ከመደ. zy 
dx 100 4007 





4001 g, 
* 7 200(g, - 8.) 



































400x85x = 
= wox 2, 2 = 77.27 m. 
6 
= Xa 100 Je 
Table 7.11 
0 (P) 2011.00 122.23 0.0 0.0 122.23 
1 2020.00 122.38 9.00 0.01 122.37 
2 2040.00 122.71 29.00 0.09 122.62 
3 2060.00 123.05 49.00 0.26 122.79 
4 2080.00 123.38 69.00 0.51 122.87 
2 2100.00 123.71 89.00 0.85 122.86 
6 2120.00 124.05 109.00 1.28 122.77 
7 2140.00 124.38 129.00 1.79 122.59 
8 2160.00 124.71 149.00 2.39 122.32 
9 2180.00 125.05 169.00 | 3.08 121.97 
10 (Q) 2181.00 125.06 170.00 3.11 121.95 
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The grade level at Xmax = 122.23 + En = 123.52 m 
(12 +2) 

and the offset = A6. 7x 771.27^ = 0.64 mi. 
400 x 85 


Thus the reduced level of the highest point 
= 123.52 -- 0.64 = 122.88 m. 
e 
The offset BE at B = «9. x85 = 078 m= EF. 
400 x 85 
The sight line can be taken as the tangent RS to the curve at E. RS is parallel to PQ which 


gil + ፪2/ 





+ 
has a slope of = aa radians, and the slope of PB TEE radians. Thus the angle 


0 between PB and PQ as shown in Fig. 7.27, 





208 Bathe 
~ 100 200 
. $17 82 
|. 200 
Distance JK = 1.06 — 0.78 = 0.28 m. Fig. 7.27 
Thus in AJPK, we have 
JK 
“ረ = 0 
d 
JK 
a= 
0 


JK _ 0.28x200 


E PETA 10 8 = 15.27 m. 
200 6 





Thus the total sight distance 
RS 


2 (d+ D 
2 x (15.27 + 85) = 200.54 m 
200 m (say) 
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1. 


OBJECTIVE TYPE QUESTIONS 


A circular curve is most suited for connecting 


(a) 
(b) 
(c) 
(d) 


two straights in horizontal plane only. 
two straights in vertical plane only. 
two straights, one in horizontal plane and the second in vertical plane. 


two straights in horizontal plane or vertical plane. 


A compound curve consists of 


(a) 
(b) 
(c) 


(d) 


two circular arcs of same radius only. 
two circular arcs of different radii only. 


two circular arcs of different radii with their centers of curvature on the same side of the 
common tangent only. 


two or more circular arcs of different radii with their centers of curvature on the same side 
of the common tangent. 


A reverse curve consists of 


(a) 


(b) 


(c) 


(d) 


two circular arcs of different radii with their centers of curvature on the same side of the 
common tangent only. 


two circular arcs of same radius with their centers of curvature on the same side of the 
common tangent only. 


two circular arcs of different radii with their centers of curvature on the opposite side of the 
common tangent only. 


two circular arcs of same or different radii with their centers of curvature on the opposite 
side of the common tangent. 


A transition curve is a special type of curve which satisfies the condition that 


(a) 


(b) 


(c) 
(d) 


at the junction with the circular curve, the angle between the tangents to the transition curve 
and circular curve should be 90". 


at the junction with the circular curve, the angle between the tangents to the transition curve 
and circular curve should be zero. 


its curvature at its end should be infinity . 


its curvature at its end should be infinity. 


The most widely used transition curve for small deviation angles for simplicity in setting out is 


(a) 
(b) 
(c) 
(d) 


cubic parabola. 
cubic spiral. 
lemniscate curve. 


hyperbola. 


The following curve has the property that the rate of change of curvature is same as the rate 
of change of increase of superelevation: 


(a) 
(b) 
(c) 
(d) 


Reverse curve. 
Compound curve. 
Transition curve. 


Vertical curve. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 
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A parabola is used for 

(a) summit curves alone. (b) sag curves alone. 

(c) both summit and sag curves. (d) none of the above. 

A parabola is preferred for vertical curves because it has the following property: 
(a) The slope is constant throughout. 

(b) The rate of change of slope is constant throughout. 

(c) The rate of change of radial acceleration is constant throughout. 

(d) None of the above. 


The shortest distance between the point of commencement and the o\point of tangency of a 
circular curve is known as 


(a) Long chord. (b) Normal chord. 

(c) Sub-chord. (d) Half-chord. 

The long chord of a circular curve of radius R with deflection angle A is given by 
(a) 2፳ cos(A/2). (b) 2R sin(A/2). 

(c) 2Rtan(A/2). (d) 2R sec(A/2). 


The lengths of long chord and tangent of a circular curve are equal for the deflection angle of 
(a) 30°. (b) 60*. 


(c) 90°. (d) 120*. 

The degree of a circular curve of radius 1719 m is approximately equal to 
(a) 1°. (b) 10°. 

(c) 100°. (d) None of the above. 


If the chainage of point of commencement of a circular curve for a normal chord of 20 m is 
2002.48 m, the length of the first sub-chord will be 


(a) 248m. (b) 17.52 m. 
(c) 20m. (d) 22.48 m. 


If the chainage of point of tangency of a circular curve for a normal chord of 20 m is 2303.39 
m, the length of the last sub-chord will be 


(a) 3.39m. (b) 16.61 m. 
(c) 23.39m. (d) none of the above. 


For an ideal transition curve, the relation between the radius r and the distance / measured from 
the beginning of the transition curve, is expressed as 








(a) ler. (b lær’. 

(ር) fecl/r. (d) l«1/r?. 

For a transition curve, the shift S of a circular curve is given by 
L É 

@ 24፳ ወ) DAR 
E E 

(c) ቁ) 





4R 24R` 


CURVE 


17. 


18. 


19. 


20. 


21. 


22. 


13. 
19. 


RANGING 255 


For a transition curve, the polar deflection angle œ, and the spiral angle A, are related to each 
other by the expression 


(a) ዐኔ= A,/2. (b) Qs = A;/3. 

(c) Os = Ag/4. (d) Os = A’,/3. 

To avoid inconvenience to passengers on highways, the recommended value of the centrifugal 
ratio is 


(a) 1. (b) 1/2. 

(c) 1⁄4. (d) 1/8. 

The following value of the change in radial acceleration passes unnoticed by the passengers: 
(a) 0.003 m/s”/sec. (b) 0.03 m/s"/sec. 

(c) 0.3 m/s?/sec. (d) 3.0 m/s?/sec. 

The curve preferred for vertical curves is a 

(a) circular arc. (b) spiral. 

(c) parabola. (d) hyperbola. 


If an upgrade of 2% is followed by a downgrade of 2%, and the rate of change of grade is 0.4% 
per 100 m, the length of the vertical curve will be 


(a) 200m. (b) 400 m. 
(c) 600m. (d) 1000 m. 


For a vertical curve if x is the distance from the point of tangency, the tangent correction is given 
by 


(a) Cx. (b) Cx. 
(o) ር (d) ዕር 
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